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CLAIMS 



[Claim (s) ] 

[Claim 1] It is the DC/DC power converter which has an output. It has 
the control circuit which controls said output voltage. Power converter 
which performs override control to said control circuit, and performs 
the minimum current limiting according to the condition of the circuit 
connected to said power converter or this. 

[Claim 2] The power converter which is equipped with a controlled 
rectifier and makes zero further the negative current which flows 
through said controlled rectifier mostly by said override control in 
claim 1. 

[Claim 3] The power converter by which said override control raises a 
voltage output, and performs said minimum current limiting in claim 2. 
[Claim 4] The power converter by which said override control performs 
foldback or the fold forward minimum current limiting in claim 3. 
[Claim 5] The power converter by which said override control answers the 
condition of a signal of expressing the output current, in claim 3. 
[Claim 6] The power converter by which said override control answers the 
detected output current directly in claim 5. 

[Claim 7] The power converter said whose signal with which the output 
current is expressed in claim 5 is the 2nd current in a power converter. 
[Claim 8] The power converter said whose signal with which the output 
current is expressed in claim 7 is the detected current which flows the 
controlled rectifier in a power converter. 

[Claim 9] The power converter which is the current on which said signal 
showing the output current flows OR connection transistor connected to 
the output of a power converter in claim 8. 

[Claim 10] The power converter which includes further disabling at least 
one controlled rectifier in a power converter circuit in claim 3 
according to a decision logic. 

[Claim 11] The power converter which is the transistor in which said at 



least one controlled rectifier by which a disable is carried out is 
making OR connection in the output of a power converter in claim 10. 
[Claim 12] The power converter said whose minimum current limiting is a 
negative current in claim 3. 

[Claim 13] It sets to claim 3 and is a pan. The 1st and the 2nd primary 
transformer coil which were connected to the power source, The secondary 
transformer coil circuit which was connected to at least one of said the 
1st and 2nd primary transformer coils and which has at least one 
secondary coil, Are two or more controlled rectifiers, and each 
controlled rectifier becomes off with ON synchronizing with the voltage 
waveform of primary coil both ends, and said output is supplied. Two or 
more controlled rectifiers which have the voltage waveform in which a 
each primary coil has a short transition duration to the time amount of 
the ON state of a fixed duty cycle and said controlled rectifier, and an 
OFF state, Controller which adjusts said output while maintaining said 
fixed duty cycle Power converter which it has. 

[Claim 14] Controlled rectifier in a power circuit Connection impedance 
between the power circuit wave of said controlled rectifier, and a 
control terminal Hold-off circuit which operates so that said controlled 
rectifier may be disabled DC / DC power converter which it has. 
[Claim 15] The power converter said whose controlled rectifier is a 
synchronous detector in said power circuit in claim 14. 
[Claim 16] The power converter which is the transistor by which OR 
connection of said controlled rectifier is made in claim 14 at the 
output of a power converter. [Claim 17] The power converter currently 
formed in claim 14 in the perfect passive network where said connection 
impedance was connected between said power circuit waves and said 
control terminals of a controlled rectifier. 

[Claim 18] The power converter by which said power circuit wave is a 
voltage waveform, and said controlled rectifier is realized in claim 14 
using MOSFET. 

[Claim 19] The power converter circuit where said connection impedance 
is equipped with the capacitor in claim 14. 

[Claim 20] The power converter circuit where said connection impedance 
is equipped with resistance of a capacitor and juxtaposition in claim 19. 
[Claim 21] Power converter by which said connection impedance attenuates 
said power circuit wave in claim 14 when said hold-off circuit is 
inactive [Claim 22] The power converter further equipped with the 
parallel impedance connected to juxtaposition in said hold-off circuit 
in claim 21. 

[Claim 23] The power converter equipped with the transistor to which 



said hold-off circuit holds a controlled rectifier by the ON state 
between said control terminal of a controlled rectifier, and another 
terminal in claim 14. 

[Claim 24] The power converter which equips said transistor and serial 
with diode further in claim 23. 

[Claim 25] The power converter further equipped with the impedance of 
juxtaposition to said transistor and diode in claim 24. 
[Claim 26] The power converter which said wave-like average by which 
said control terminal of a controlled rectifier is supplied, and the 
wave which has the negative average is supplied to said control terminal 
in claim 14 when said hold-off circuit is inactive when said hold-off 
circuit is active increases gradually. 

[Claim 27] The power converter by which said hold-off circuit is started 
with enabling / disable signal from a decision logic in claim 14. 
[Claim 28] The power converter by which said hold-off circuit is started 
in claim 27 when a power converter is intercepted. 

[Claim 29] The power converter by which said hold-off circuit answers 
generating of the fall condition of the output voltage from a power 
converter, and is started in claim 27. 

[Claim 30] The power converter by which said hold-off circuit answers 
generating of the fall condition of the output current from a power 
converter, and is started in claim 27. 

[Claim 31] The power converter by which said v hold-off circuit is started 
between startings of a power converter in claim 27. 

[Claim 32] The power converter by which said hold-off circuit is started 
between the change transient periods to OFF of a power converter in 
claim 27. 

[Claim 33] The power converter by which said hold-off circuit answers an 
external signal, and is started in claim 27. 

[Claim 34] The power converter which said hold-off circuit answers 
generating in the condition that the wave of said control terminal of a 
controlled rectifier does not cause a right drive, and is started in 
claim 27. 

[Claim 35] The power converter by which said hold-off circuit answers 
the fall of the output voltage from the accommodation stage of a power 
converter, and is started in claim 34. 

[Claim 36] It sets to claim 14 and is a pan. The 1st and the 2nd primary 
transformer coil which were connected to the power source, The secondary 
transformer coil circuit which was connected to at least one of said the 
1st and 2nd primary transformer coils and which has at least one 
secondary coil, Are two or more controlled rectifiers, and each 



controlled rectifier becomes off with ON synchronizing with the voltage 
waveform of primary coil both ends, and said output is supplied. Two or 
more controlled rectifiers which have the voltage waveform in which a 
each primary coil has a short transition duration to the time amount of 
the ON state of a fixed duty cycle and said controlled rectifier, and an 
OFF state, Controller which adjusts said output while maintaining said 
fixed duty cycle Power converter which it has. 

[Claim 37] Controlled rectifier which answers the control wave supplied 
to a control terminal Decision logic which generates enabling / disable 
signal and disables said controlled rectifier Circuit which said 
enabling / disable signal are answered, and said controlled rectifier 
changes ON or an off degree gradually, and avoids almost momentary 
fluctuation of said output voltage in case said controlled rectifier is 
enabling or a disable by that cause DC/DC power converter which it has. 
[Claim 38] The power converter by which said control wave is passively 
supplied from the power circuit wave of a power converter in claim 37. 
[Claim 39] It sets to claim 38 and is a connection impedance between the 
power circuit wave of said controlled rectifier, and said control 
terminal further. Hold-off circuit started in order to disable said 
controlled rectifier Power converter which it has. 

[Claim 40] It sets to claim 39 and is a pan. The 1st and the 2nd primary 
transformer coil which were connected to the power source, The secondary 
transformer coil circuit which was connected to at least one of said the 
1st and 2nd primary transformer coils and which has at least one 
secondary coil, Are two or more controlled rectifiers, and each 
controlled rectifier becomes off with ON synchronizing with the voltage 
waveform of primary coil both ends, and said output is supplied. Two or 
more controlled rectifiers which have the voltage waveform in which a 
each primary coil has a short transition duration to the time amount of 
the ON state of a fixed duty cycle and said controlled rectifier, and an 
OFF state, Controller which adjusts said output while maintaining said 
fixed duty cycle Power converter which it has. 

[Claim 41] The power converter by which said controlled rectifier 
becomes a disable in claim 37 when a power converter is intercepted. 
[Claim 42] The power converter by which generating of the fall condition 
of the output voltage from a power converter is answered, and said 
controlled rectifier becomes a disable in claim 37. 

[Claim 43] The power converter by which generating of the fall condition 
of the output current from a power converter is answered, and said 
controlled rectifier becomes a disable in claim 37. 
[Claim 44] The power converter by which said controlled rectifier 



becomes a disable between startings of a power converter in claim 37. 
[Claim 45] The power converter said whose controlled rectifier is a 
disable between the change transient periods to OFF of a power converter 
in claim 37. 

[Claim 46] The power converter by which said controlled rectifier 
answers an external signal, and becomes a disable in claim 37. 
[Claim 47] The power converter by which said controlled rectifier 
answers generating in the condition that the wave of said control 
terminal of a controlled rectifier does not cause a right drive, and 
becomes a disable in claim 37. 

[Claim 48] The power converter by which said controlled rectifier 
answers the fall of the output voltage from the accommodation stage of a 
power converter, and becomes a disable in claim 47. 

[Claim 49] The power converter by which said control wave has a negative 
average value in claim 37 when said controlled rectifier is a disable. 
[Claim 50] The power converter by which the resistance / capacity 
circuit between power circuit waves decide on the time amount from which 
said average of said controlled rectifier changes as said control 
terminal in claim 49. 

[Claim 51] The power converter by which the resistance / capacity 
circuit between power circuit waves decide on the time amount from which 
said average of said controlled rectifier changes as said control 
terminal in claim 37. 

[Claim 52] Controlled rectifier which answers the control wave supplied 

to a control terminal Decision logic which generates enabling / disable 

signal and disables said controlled rectifier when the wave supplied to 

said control terminal of said controlled rectifier does not cause a 

right drive DC/DC power converter which it has. 

[Claim 53] The power converter by which said controlled rectifier 

answers the fall of the output voltage from the accommodation stage of a 

power converter, and becomes a disable in claim 52. 

[Claim 54] The power converter by which said controlled rectifier 

answers the fall of a power rail (power rail), and becomes a disable in 

claim 52. 

[Claim 55] The power converter by which said controlled rectifier 
answers the wave in the power circuit which takes out the control wave 
supplied to said control terminal, and becomes a disable in claim 52. 
[Claim 56] It is the approach of performing DC/DC power conversion. Step 
which controls output voltage through a control circuit Step which makes 
control of said control circuit an invalid temporarily, and performs the 
minimum current limiting How to include. 



[Claim 57] How to make zero mostly flow of the negative current which 
passes along a controlled rectifier in claim 56. 

[Claim 58] How to raise said output voltage and to perform said minimum 
current limiting in claim 57. 

[Claim 59] How to answer the signal showing the output current in claim 
56, and to perform an invalid temporarily [ said ]. 
[Claim 60] It is the approach of performing DC/DC power conversion. A 
power circuit wave and step which prepares a connection impedance 
between the control terminals of the controlled rectifier in said power 
circuit Step which activates a hold-off circuit and disables said 
controlled rectifier How to include. 

[Claim 61] The approach said connection impedance attenuates said power 
circuit wave in claim 60 when said hold-off circuit is inactive. 
[Claim 62] How to have the transistor to which said hold-off circuit 
holds a controlled rectifier by the ON state between said control 
terminal of a controlled rectifier, and another terminal in claim 60. 
[Claim 63] The approach said hold-off circuit has diode further in said 
transistor and serial in claim 62. 

[Claim 64] How to prepare the impedance of said transistor and diode, 
and juxtaposition further in claim 63. 

[Claim 65] How to include further increasing gradually said wave-like 
average supplied to said control terminal, when the wave which has the 
negative average for said control terminal of a controlled rectifier in 
claim 60 while said hold-off circuit is operating is supplied and said 
hold-off circuit does not operate. 

[Claim 66] How to include further starting said hold-off circuit with 
enabling / disable input signal from a decision logic in claim 60. 
[Claim 67] The approach which said hold-off circuit answers generating 
in the condition that the wave of said control terminal of a controlled 
rectifier does not cause a right drive, and is started in claim 66. 
[Claim 68] The approach by which said hold-off circuit answers the fall 
of the output voltage from the accommodation stage of said power 
converter, and is started in claim 67. 

[Claim 69] It is the approach of DC/DC power conversion. The step which 
controls the controlled rectifier which answers the control wave 
supplied to the control terminal of said controlled rectifier, The step 
which generates enabling / disable signal in decision logic, and 
disables said controlled rectifier, Answer said enabling / disable 
signal, and said controlled rectifier changes ON or an off degree 
gradually. Step which avoids almost momentary fluctuation of said output 
voltage in case said controlled rectifier is enabling or a disable by 



that cause How to include. 

[Claim 70] The approach by which said control wave is passively supplied 
from the power circuit wave of a power converter in claim 69. 
[Claim 71] Step which prepares a connection impedance between the power 
circuit wave of said controlled rectifier, and said control terminal in 
claim 70 Step which starts a hold-off circuit and disables said 
controlled rectifier How to include further. 

[Claim 72] The approach which said controlled rectifier answers 
generating in the condition that the wave of said control terminal of a 
controlled rectifier does not cause a right drive, and disables in claim 
69. 

[Claim 73] The approach which said controlled rectifier answers the fall 
of the output voltage from the accommodation stage of a power converter, 
and disables in claim 72. 

[Claim 74] The approach said control wave has the negative average in 
claim 69 when said controlled rectifier is a disable. 
[Claim 75] It is the approach of DC / DC power conversion. Step which 
answers the control wave supplied to the control terminal of said 
controlled rectifier, and controls a controlled rectifier Step which 
generates enabling / disable signal in a decision logic, and disables 
said controlled rectifier when the wave supplied to said control 
terminal of a controlled rectifier does not cause a right drive How to 
include. 

[Claim 76] The approach which said controlled rectifier answers the fall 
of the output voltage from the accommodation stage of said power 
converter, and disables in claim 75. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Background of the Invention] 

The switching type DC to DC converter was not based on an insulating 
mold or a non-insulating mold, but from the former, the combination of a 
transistor and diode was used for it and it has realized the SUITCHINNGU 
function. Diode has been transposed to the transistor called a 
"synchronous detector" in order to reduce the consumption power of a 
converter recently. Generally, although MOSFET is used for a synchronous 
detector, other transistors, for example, BJT, and JFET(s) of a type can 
also be used. Although they can realize a low ON state electrical 
potential difference compared with diode, these transistors are one of 
these, need to supply a voltage waveform to a "control terminal" (for 
example, gate terminal of MOSFET), and need to switch it to turning on 
and off by the count proper in a switching cycle. If most transistors 
(MOSFET is included) are turned on, they can pass a current also in the 
direction of either. Depending on transistors (for example, MOSFET etc.), 
it has the reverse parallel connected type diode of a proper in the 
structure, and with the diode, when a transistor is OFF, a current flows. 
Depending on the case, a Schottky diode is put on a transistor by 
reverse juxtaposition, and the current at the time of transistor-of f is 
passed. Said diode is because it has the turn-off recovery time of a low 
ON state electrical potential difference and a high speed compared with 
the diode (body diode) which the transistor itself has. It does not call 
at the interior or the exterior, but on these specifications, this 
reverse juxtaposition diode is called "a non-controlled rectifier 
(rectifier which is not controlled)", and is distinguished from the flow 
part (active part) (namely, channel of MOSFET) of a transistor called "a 
controlled rectifier (rectifier controlled)" with this specification. 
[0002] 

Although the synchronous detector has suited the DC to DC converter good, 
a problem occurs in an application when two or the DC to DC converter 
beyond it needs to interact by the output side. The DC to DC converter 
which uses a controlled rectifier passes the negative output current. 
This phenomenon is not generated when using only diode. 
[0003] 

For example, two DC to DC converters are connected to juxtaposition, it 
is large, or when giving redundancy and supplying output power, one 
converter supplies the larger output current than a load demand, and the 
converter of another side draws the negative output current, and removes 
a part for a surplus. Generally this is generated. Because, the 1st 



converter is because the higher output voltage which the 2nd converter 

needs is needed. 

[0004] 

The approach of sharing a current between the converters by which 
parallel connection was carried out solves this problem in a steady 
state. However, by the aforementioned approach, it becomes difficult to 
operate normally during a "starting" transient period when a converter 
is switched to ON, or is switching and has not reached a steady state. 
Moreover, by the aforementioned approach, when one or more converters 
are in the condition of current limiting or short circuit protection, 
operating normally becomes difficult. In said condition, it oscillates 
or the DC to DC converter with which parallel connection of many 
equipped with a synchronous detector is carried out has other 
performance problems. 
[0005] 

In the parallel connection converter which operates by the steady state, 
the load current is not completely shared between converters. When the 
whole load current is small, one or more DC to DC converters may 
actually draw a negative current. In this condition, the above-mentioned 
engine-performance problem may be caused and the inefficient condition 
through which it circulates at least between DC/DC to which parallel 
connection of the surplus power was carried out is generated. 
[0006] 

When redundancy is required, it is made for the converter which does not 
function on one normal not to reduce an output bus in many cases by 
connecting between the outputs of the converter by which parallel 
connection was carried out through diode. This "OR connection diode 
(ORing diode)" The above-mentioned problem is solvable. It is because it 
is prevented by this approach that a converter draws the negative output 
current. However, it is desirable to transpose OR connection diode to 
"OR connection transistor (ORing transistor)" (or transistor connected 
so that it might operate), and to reduce power consumption. OR 
connection transistor may contain at least a non-controlled rectifier 
(rectifier which is not controlled), including a controlled rectifier 
(rectifier controlled). Since a controlled rectifier can pass a current 
in both directions when switched to ON, OR connection transistor does 
not solve a negative current problem. 
[0007] 

That the above-mentioned negative current problem other than a parallel 
connection converter becomes important is the case where connect during 
two or the output of the converter beyond it, and it is guaranteed that 



those output voltage does not exceed fixed limiting value. For example, 
in the system which uses both 5V output converter and a 3. 3V output 
converter, a "clamp diode" is placed between 3. 3V output and 5V output, 
and it is guaranteed that 3. 3V output does not become higher than the 
value which applied one diode drop to 5V output in many cases. On the 
contrary, chain connection of three or the four clamp diodes can be made 
at a serial, it can place between 5V output and 3. 3V output, and it can 
be guaranteed that the former does not become high compared with the 
latter. 
[0008] 

The condition of sharing the output current with one converter larger 
when these transistors become a forward bias than the current which a 
whole load needs exists again during starting or other specific 
transient periods, and other converters may draw a negative current. It 
oscillates in said condition or this converter stops operating correctly. 
[0009] 

Whichever it makes [ of whether it lets OR connection transistor pass or 
to let a clamp diode pass ] it, when direct continuation of each 
converter is carried out in each of that output, another conditions 
which a negative current problem generates occur, when one of the 
converters "is intercepted. * This cut off state is generated in the 
result of the protection network of the converter itself which is 
ordered from the outside through ON / off control input, or detects 
abnormality conditions, such as an electrical potential difference, a 
current, or too high temperature. The converter which is intercepted in 
such all cases draws a negative current from another converter holding 
the first one output voltage. 
[0010] 

Other conditions which have not been described here may occur, a problem 
may be caused by the engine performance of the DC to DC converter 
equipped with the synchronous detector, and a negative current may be 
drawn. 
[0011] 

[Summary of the Invention] 

In order to avoid the above-mentioned problem, the one problem-solving 
approach shown here is what a synchronous detector and/or OR connection 
transistor are made into "a disable (invalid)" for (that is, it is made 
not to turn on) on the conditions which generate a problem. Although the 
output current will flow as it is if it does in this way, it flows only 
by letting a non-controlled rectifier pass. These non-controlled 
rectifiers prevent that a negative current flows, therefore the problem 



relevant to a negative current does not generate them. 
[0012] 

When generating of a negative current problem is predicted, or when the 
result in a certain condition of having been detected shows existence of 
a problem, a controlled rectifier is disabled in this way. 
[0013] 

When the conditions which generate a negative current problem stop 
existing, a non-controlled rectifier can be again made "enabling 
(effective)" (that is, for it to turn ON), and can be operated as an 
intention. 
[0014] 

Since it is small compared with the voltage drop of non-controlled 
rectifier both ends, when a controlled rectifier is enabling rapidly, in 
output voltage, transient phenomenon generates the voltage drop of 
controlled rectifier both ends. In order to avoid transient phenomenon, 
a non-controlled rectifier is turned ON and the average ON state 
electrical potential difference of the combined device is changed from 
the ON state electrical potential difference of a non-controlled 
rectifier gradually (as opposed to the bandwidth of a converter) at the 
ON state electrical potential difference of a controlled rectifier. An 
"average ON state electrical potential difference" means the average of 
the voltage drop of the parallel connection both ends of a controlled 
rectifier and a non-controlled rectifier while the current is flowing. 
This time amount is a part with a whole switching cycle short to a 
synchronous detector. 
[0015] 

The another problem-solving approach shown to a negative current problem 
here is including the "minimum current limiting" in the control circuit 
of a DC to DC converter. If the output current becomes smaller than this 
threshold about the output current as compared with a specific threshold 
(threshold level), the minimum current limiting will make output voltage 
high, and will restrict the fall beyond it of a current, threshold 
current level — small — negative and zero — or you may be forward 
slightly. Furthermore, the minimum current limiting is realizable using 
either a fold forward, a constant current source or a foldback property. 
[0016] 

These [ for avoiding a negative current problem ] two approaches (namely, 
the approach of disabling a controlled rectifier and the approach 
incorporating the minimum current limiting) are separate, or can be used 
for one clue. 
[0017] 



According to one configuration of this invention, a DC/DC power 
converter includes the control circuit which controls the output voltage 
of a converter. Furthermore, a converter performs the minimum current 
limiting according to a power converter or the connected circuit 
including the override control to a control circuit. Preferably, a power 
converter makes zero substantially the negative current by which 
override control passes along the controlled rectifier of a synchronous 
detector including a synchronous detector. 
[0018] 

In order to perform the minimum current limiting, override control may 
raise the voltage output of a power converter. The minimum current 
limiting is made to negative [ small ] or a forward current, and can 
take the gestalt of a current source, foldback, or a fold forward. 
[0019] 

The direct reaction of the override control may be carried out to other 
specific signals showing the detected output current or the output 
current. For example, the signal showing the output current is good with 
the current detected within power converters, such as a current which 
flows OR connection transistor connected to the output of a power 
converter, or a current which flows other controlled rectifiers in a 
power converter. 
[0020] 

Furthermore, according to a decision logic, at least one controlled 
rectifier in a power converter circuit is made as for this system to a 
disable. For example, OR connection transistor of the output of a power 
converter is made to a disable. 
[0021] 

One power converter which applies this invention is equipped with the 
1st and 2nd primary side transformer coil connected to the power source. 
A secondary transformer coil circuit has at least one secondary coil 
connected to at least one of the 1st and 2nd primary side transformer 
coil. Each of two or more controlled rectifiers has the non-controlled 
rectifier of juxtaposition, and is connected to the secondary coil. Each 
controlled rectifier uses the voltage waveform of primary side coil both 
ends, is turned on and turned off synchronous, and offers an output. A 
each primary side coil has the voltage waveform which has a short 
transition duration to a fixed duty cycle (period of operation), and the 
ON state and OFF state of a controlled rectifier. A regulator adjusts an 
output, while a fixed duty cycle is maintained. 
[0022] 

According to another configuration of this invention, a DC/DC. power 



converter is equipped with a controlled rectifier and a non-controlled 
rectifier in a power circuit. A connection impedance is prepared between 
a power circuit wave and the control terminal of a controlled rectifier. 
In order to disable a controlled rectifier, a hold-off circuit is 
started. 
[0023] 

For example, OR connection transistor in the output of the synchronous 
detector in a power circuit or a power converter can be used as a 
controlled rectifier. The connection impedance between a power circuit 
wave and the control terminal of a controlled rectifier may be a perfect 
passive network. A power circuit wave is made to a voltage waveform. 
Moreover, a controlled rectifier is realizable by MOSFET. 
[0024] 

With a specific operation gestalt, a connection impedance can be 
equipped with a capacitor and can include resistance in the capacitor 
and juxtaposition. When a hold-off circuit does not operate by 
connecting parallel impedance to juxtaposition in a hold-off circuit, a 
power circuit wave can be decreased further. By having a transistor 
between the control terminal of a controlled rectifier, and another 
terminal, a hold-off circuit can hold a controlled rectifier at OFF, 
when a switch closes. Moreover, diode is connectable with a transistor 
at a serial. 
[0025] 

While the hold-off circuit is operating, the control terminal of a 
controlled rectifier can be made to generate a wave with a negative 
average. When a hold-off circuit does not operate, the wave-like average 
supplied to the control terminal increases gradually. 
[0026] 

A hold-off circuit can be started with enabling / disable input signal 
from a decision logic. Among starting of a power converter and the off 
change transient of a power converter, when the power converter is 
intercepted, a decision logic answers detection of the output voltage 
fall from a power converter, or answers an external signal, and can 
operate a hold-off circuit. Especially, the wave of the control terminal 
of a controlled rectifier answers detection in the condition of not 
causing a normal drive, and a hold-off circuit is made as for it to un- 
operating. For example, the low-battery condition which starts in the 
accommodation stage of a power converter is answered, and a hold-off 
circuit can be started. It answers that the wave which answers that the 
power rail (power rail) of a converter is too low, or controls a 
controlled rectifier is too low, and a hold-off circuit can be started. 



[0027] 

According to another configuration of this invention, a DC to DC 
converter is equipped with the controlled rectifier which operates 
according to the control wave supplied to a control terminal. A decision 
logic generates enabling / disable signal, and disables a controlled 
rectifier. A converter circuit avoids momentary fluctuation 
substantially [ output voltage in case a controlled rectifier becomes 
enabling or a disable ] by answering enabling / disable signal and 
changing gradually the degree by which a controlled rectifier is turned 
on or turned off. A control wave can be passively offered from the power 
circuit of a power converter. The resistance / capacity circuit between 
a control terminal and a power circuit can determine the time amount 
from which the average of a control wave changes. 
[0028] 

[Explanation of a desirable operation gestalt] 

The above-mentioned of this invention and the other purposes, the 
description, and the advantage will become clear from detailed 
explanation of the following of the desirable operation gestalt of this 
invention shown in an accompanying drawing. In a drawing, the same 
reference mark points out the same components also in a different 
drawing. A drawing is not necessarily as a scale and emphasis is put on 
the principle of this invention being shown. Next, the desirable 
operation gestalt of this invention is explained. 
[0029] 

In order to let this whole explanation pass and to realize a synchronous 
detector and OR connection transistor (or transistor connected so that 
it might operate), M0SFET to which parallel connection of the diode was 
carried out is used. The reason is because it is a device with desirable 
MOSFET in this invention. If it is this contractor, how to include the 
concept shown here in the transistor of other types used instead can be 
learned. 
[0030] 

When using a synchronous detector for a DC to DC converter, there are 
two approaches in supplying a signal required turning on and turning off 
a controlled rectifier between switching cycles at a control terminal. 
It is the approach of calling the "active drive" approach henceforth, 
and one approach supplies a control signal using the electronic 
circuitry which can acquire timing information from the electrical 
potential difference or current wave form in other electronic 
circuitries or a power circuit. It is the approach of calling the 
"passive drive" approach henceforth, and the 2nd approach supplies a 



control signal from the wave in a power circuit by whether to be direct 
and either which lets a passive network (resistance, a capacitor, and/or 
inductor) pass. 
[0031] 

The active drive approach is used for a non-insulating DC to DC 
converter in many cases. Drawing 1 R> 1 shows a switching transistor 101, 
the filter capacitor 103, 104 of 102 or 2 synchronous detectors, and the 
down converter that has the filter inductor 105. As shown in drawing 1 , 
it is easy to design the same electronic control circuit 106 which 
switches the transistor 101 of a down converter to ON and OFF, and to 
turn on and turn off the synchronous detector 102 of this converter. 
Such an integrated circuit can come to hand from firms, such as LTC, 
Maxim, and Unitrode. 
[0032] 

Both can be used for the DC to DC converter of an active drive or a 
passive drive which has a transformer. Drawing 2 shows a transformer 201, 
the synchronous detector 202,203 of 101 or 2 switching transistors, and 
the insulating mold forward converter that has a filter element 
103, 104, 105. As shown in drawing 2 , some designers drive a synchronous 
detector for an electronic control circuit in preparation for the output 
side of a converter. The output side control circuit 205 generates the 
timing signal of itself, and can drive transistors 202 and 203, and can 
pull out said timing signal from the wave of a power circuit, and can 
take out said timing signal from the signal (letting insulating 
association of a transformer or an optical coupler pass) further passed 
from the control circuit 204 of the input side of a power circuit to 
said output side control circuit 205. The example of these approaches is 
known in this technical field. 
[0033] 

Drawing 3 shows the example of the approach of carrying out direct 
continuation of the control terminal of a synchronous detector to the 
node of a power circuit, and controlling a synchronous detector 202,203. 
When a control circuit 204 switches a transistor to ON, the forward 
electrical potential difference which this generates to transformer 201 
both ends raises the electrical potential difference of Node A, and the 
electrical potential difference turns ON a synchronous detector 202. At 
this time, the electrical potential difference of Node B falls and, 
thereby, a synchronous detector 203 becomes off. Power flows for a load 
through a transformer from an input source between this time amount part 
of a switching cycle. A transistor 101 turns off and the electrical 
potential difference of transformer both ends becomes negative in 



between for part II [ cycle / which the transformer has reset / 
switching ]. At this time, the electrical potential difference of Nodes 
A and B is an electrical potential difference by which a synchronous 
detector 202 is switched off and a synchronous detector 203 is switched 
to ON, consequently the flow of the current in an inductor 105 is 
maintained. 
[0034] 

Drawing 4 shows the deformation gestalt of the approach shown in drawing 
3 , and auxiliary winding 403,404 is added to the primary insulating- 
transformer coil 401 and the secondary coil 402, and it drives the 
control terminal of a synchronous detector 202, 203. As for the polar 
array of these auxiliary winding, between switching cycles and a right 
synchronous detector are certainly turned on, and the turn ratio is 
chosen so that the driver voltage of right level may be supplied. Other 
examples which use an auxiliary transformer coil are known in this 
technical field. 
[0035] 

To the passive drive approach, a passive component can be added between 
the control terminal of a synchronous detector, and a power circuit, and 
the result for which specification wishes can be obtained. For example, 
another DC to DC converter of the transformer base is shown in drawing 
5 , the down converter stage which consists of a transistor 101, 102 and 
a filter element 105,500,515 is included in this converter, and 
accommodation and an insulating stage are offered using two transformers 
which have the primary coils 501 and 503 and the secondary coils 502 and 
504. A transistor 516,517 connects the primary coils 501 and 503 to the 
output of an accommodation stage by turns, and a synchronous detector 
505,506 connects a secondary coil to the output capacitor 104 by turns. 
A capacitor / resistance dividing network (it consists of elements 507- 
510 and elements 511-514) is used, and a small driving signal is 
supplied to a synchronous detector 505, 506 compared with the wave 
supplied by the power circuit by Nodes A and B. This concept is 
indicated by the PCT application W0 98/33267 (July 30, 1998 public 
presentation) at the detail, and quotes the whole sentence of those 
contents here as what makes some of these specifications. 
[0036] 

When the control terminal of a synchronous detector drives using an 
electronic circuitry, the approach of enabling or disabling those 
control terminals is easy. For example, as shown in drawing 6 , a logic 
gate 604 can be added to the signal path between a control circuit 602 
and the gate driver 603 of a synchronous detector. This logic gate can 



take many gestalten, and can constitute them from an integrated circuit 
or discrete part, and the location of that within a signal path has some 
versatility in addition to the arrangement shown here. These all will be 
immediately understood by this contractor. In all cases, a logic gate 
needs an input signal 605 and determines enabling / time of disabling 
for a synchronous detector with the input signal. The approach of 
generating said signal is explained later. 
[0037] 

When a control terminal drives in the voltage waveform or current wave 
form of a power circuit, a synchronous detector is made into 
enabling/disable using an option. For example, a "connection switch" is 
arranged to a serial at a control terminal, and a control terminal can 
be connected or cut by the wave of a power circuit. In addition to a 
connection switch, said circuit needs the "hold-off circuit" for 
maintaining a synchronous detector off certainly, when a connection 
switch is turned on. 
[0038] 

Drawing 7 shows one operation gestalt of this approach, and M0SFET701 is 
used to the synchronous detector of a power circuit. The connection 
switch 703 connects the wave of the power circuit 702 to the gate of 
M0SFET. This connection switch is switched on and turned off by the 
signal supplied to the control terminal 704 of that. A passive impedance 
like resistance is sufficient as a hold-off circuit 706, or when the 
connection switch 703 is ON, another switch turned on is sufficient as 
it, or it may be a still more complicated electronic circuitry. When 
using a resistor, when a synchronous detector is enabling further, in 
order to maintain the power consumption small, it is required [ in order 
to discharge the parasitic capacitance of the M0SFET gate in required 
time amount it is sufficiently low resistance, and ] to be resistance 
large enough. 
[0039] 

The option used for it when a control terminal drives in drawing 8 
passively from the wave of a power circuit is shown, the switch of 
drawing 7 — differing — " — connection impedance" 803 — a power 
circuit wave — it is arranged between 702 and the M0SFET701 control 
terminal used for a synchronous detector. enabling/This connection 
impedance acts in relation to a hold-off circuit 706, and disables 
M0SFET as follows. When MOSFET is a disable, a hold-off circuit starts 
and, thereby, the electrical potential difference between the gate- 
sources of MOSFET is reduced below to a threshold, between this 
condition and a connection impedance — the wave of the control terminal 



of MOSFET — a power circuit wave — you may differ from 702. On the 
contrary, when a synchronous detector is enabling, a hold-off circuit 
does not operate and a control terminal wave shows a power circuit wave 
(it is usually decreasing slightly). By this approach, a hold-off 
circuit needs an active component. 
[0040] 

By this 2nd approach, a connection impedance becomes the small value 
which can permit the level of the current which flows through a hold-off 
circuit while the hold-off circuit is operating, and on the other hand, 
when a hold-off circuit does not operate, it is necessary to choose it 
so that the wave of a control terminal may be maintained to a proper 
wave. 
[0041] 

Drawing 9 shows the concrete example at the time of applying to the 
capacitor / resistance dividing network which shows the concept shown in 
drawing 8 to drawing 5 . The parallel connection of a capacitor 903 and 
a resistor 904 forms a connection impedance, and the serial transistor 
905 forms a hold-off circuit in diode 906 and this, 
[0042] 

Next, drawing 5 is considered. In drawing 5 , both synchronous detectors 
505 and 506 have the connection impedance and hold-off circuit which are 
shown in drawing 8 and drawing 9 . A switch 905 and diode 906 are 
arranged at juxtaposition at RC circuits 508 and 509 and each of 512 and 
514. When the insulating stage of drawing 5 switches, the wave of a node 
shown by A and B is a square wave. The electrical potential difference 
of a square wave is zero in between (here, a "reset half cycle" is 
called) for a half cycle [ one ], and an electrical potential difference 
becomes twice [ about ] an output between the one half of another side 
of a cycle (here, a "drive half cycle" is called). As for two square 
waves of Nodes A and B, the phase is shifted mutually 180 degrees. Refer 
to the PCT application W0 98/33267 (July 30, 1998 public presentation) 
for detailed explanation of actuation of a power circuit. 
[0043] 

The voltage waveform of the gate of a synchronous detector (resistance 
of juxtaposition and the time constant of a capacitor assume to be long 
at as compared with a switching period) a hold-off circuit in the state 
of un-operating is the same configuration as the wave of Nodes A and B. 
AC component — the division effectiveness (decreasing [ and ] by 
C507/(C507+C512) or C511/ (C511+C508) , DC component is the division 
effectiveness (R514/ (R509+R514) — or (it decreases by 
R510/(R513+R510). )) of resistance) of a capacitor It is possible to 



maintain within rating the maximum electrical potential difference 
supplied to the gate terminal of a synchronous detector by this approach 
also in the condition that the electrical potential difference of Nodes 
A and B is too high. Thus, a connection impedance achieves two purposes 
in this case. That is, it is with the means which disables a voltage 
divider and a synchronous detector. 
[0044] 

For example, when output voltage is 15V, the minimum value is zero and 
the electrical potential difference of Nodes A and B serves as a square 
wave whose maximum is about 30V. The electrical potential difference of 
30V is usually too high as an electrical potential difference supplied 
to the gate of MOSFET. However, if electrostatic capacity of a capacitor 
507 is set to one half of capacitors 512 and the resistance of a 
resistor 509 is made into twice the resistor 514, the minimum value will 
be zero and the voltage waveform of the gate terminal of M0SFET506 will 
become the square wave which maximum decreased to about 10 V. Many 
MOSFETs can permit this range. 
[0045] 

Also when attenuation of a gating waveform is not as a request, the 
connection impedance shown in drawing 9 is added to a circuit, and a 
hold-off circuit is made to un-operating to a synchronous detector. It 
is only required to enlarge C904 compared with all the parasitic 
capacitance of the gate terminal of MOSFET (making R903 small further 
compared with the effective resistance of an inactive hold-off circuit), 
and to make wave-like attenuation into min. 
[0046] 

When the transistor of a hold-off circuit is turned on, a hold-off 
circuit is held, namely, it is clamped, and a gating waveform becomes 
close to zero between drive half cycles. Next, these gating waveforms 
become negative between reset half cycles. The reason is for capacitors 
507 and 511 to appear in low impedance to wave-like AC component of 
Nodes A and B. Therefore, a gating waveform has the same square wave 
configuration as a former configuration. However, since DC component of 
these square waves is low, the maximum voltage which a gating waveform 
attains does not reach a gate-source threshold level required to turn ON 
MOSFET which should be driven. 
[0047] 

If a hold-off circuit operates, the current which flows through a 
transistor 905 will become small relatively compared with all the 
currents that flow through the whole connection impedance, as good 
approximation — a transistor — resistance 903 — a passage — flowing 



— DC — a current — a sink — on the other hand — a connection 
impedance — a passage — flowing — AC — a current — the 
electrostatic capacity between the gate sources of a synchronous 
detector 701 (or external capacitor arranged at juxtaposition at the 
gate-source like the capacitor 508 of drawing 5 ) — a passage — 
flowing . Since it is relatively large compared with the impedance of a 
capacitor 904, this DC current of a resistor 903 is relatively small. 
Thus, the approach using a connection impedance can be managed with a 
smaller transistor compared with the approach using the connection 
switch shown in drawing 7 . 
[0048] 

A gating waveform may just become slightly between this disable 
condition by the voltage drop of the both ends of the diode of a hold- 
off circuit, and the series connection of a transistor. This forward 
value needs to be maintained lower than the threshold of MOSFET. As a 
technique which can be used for guaranteeing this condition, a Schottky 
diode is used, a hold and the ON state electrical potential difference 
of an off transistor are made as small as possible, and there is a 
technique which connects a hold-off circuit to negative potential 
instead of a ground further. Other techniques will be clear to this 
contractor, if the idea shown here can be given. 
[0049] 

It is a reason for adding diode to a serial to the transistor of the 
hold-off circuit shown in drawing 9 between reset half cycles that the 
value of a gating waveform is negative. 
[0050] 

Only one transistor is used instead of two and a hold-off circuit can 
disable two synchronous detectors. As shown in drawing 10 , the single 
transistor 1011 is connected to two gate terminals of synchronous 
detectors 1001 and 1002 through diodes 1007 and 1008. With this 
configuration, a transistor 1011 acts with diode 1007, clamps the gate 
voltage between [ MOSFET / 1001 ] drive half cycles, then, acts with 
diode 1008, and clamps the gate voltage of MOSFET1002 in the following 
half cycle. 
[0051] 

Drawing 9 and 10 show the case where the transistor (905 or 1011) of a 
hold-off circuit is a bipolar transistor. Other transistors like MOSFET 
can be used. 
[0052] 

Although the above-mentioned explanation shows that most active drive 
approaches are used by the non-insulating mold converter, it can also 



use the passive drive approach. For example, in the down converter of 
drawing 1 R> 1, as shown in drawing 11 , the 2nd coil 1011 with a proper 
turn ratio can be added to an inductor 105, and it can connect with a 
gate terminal. With a hold-off circuit, the concept for using a 
connection switch or a connection impedance follows, and can be applied 
similarly also in this case. 
[0053] 

When connecting a DC to DC converter output to an output bus using OR 
connection transistor, a negative current problem can be solved by 
switching the controlled rectifier of this device off. Thus, it leaves 
the condition of having connected with the output bus, only by letting 
the non-controlled rectifier which does not pour a converter for a 
negative current pass. When [ this ] OR connection transistor 1202 can 
be controlled using the active electronic circuitry 1203 and a gate 
driver 1205 to be shown in drawing 12 , a logic gate 1204 can offer 
enabling / disable function. 
[0054] 

The control terminal of OR connection transistor can be driven from the 
wave of a power circuit. Drawing 13 R> 3 shows one method of having 
carried this out to the converter of drawing 5 . By this approach, the 
voltage waveform of the nodes A and B of the power circuit 1301 of 
drawing 5 is connected to the gate terminal of the OR connection M0SFET 
1302 through diodes 1303 and 1304. As mentioned above, while a power 
circuit is switching, the voltage waveform of Nodes A and B is the 
square wave from which the phase shifted, and has the amplitude between 
an abbreviation zero bolt and the twice [ about ] of output voltage. 
Diodes 1303 and 1304 detect these wave-like peaks that give the 
electrical potential difference between the gate sources near output 
voltage. For example, like [ when the converter is not operating ], when 
these waves do not appear, a resistor 1305 discharges the gate of OR 
connection transistor 1302, and turns OFF the transistor. In this case, 
the enabling / the disable approach which uses the above-mentioned 
connection switch, a connection impedance, and a hold-off circuit to a 
synchronous detector can be similarly used to OR connection here. 
[0055] 

According to the time of their becoming enabling or a disable regardless 
of enabling / approach for carrying out a disable about the controlled 
rectifier and/or OR connection transistor which consist of a synchronous 
detector, it is necessary to perform a logical decision, next, a radical 
[ decision / this ] — carrying out — proper "enabling / disable input 
signal" It generates to the above-mentioned logic gate, a connection 



switch, or a hold-off circuit (or I am understood by this contractor 
that can give the idea shown here — all — others — enabling / disable 
circuit — receiving). Some approaches for offering enabling / disable 
input signal, in order to perform this decision are described below. It 
is "here. Decision logic" These approaches of calling can be used in 
independence, two, or three combination or more. 
[0056] 

The one decision logic approach which can be used is disabling when 
intercepting a converter for the controlled rectifier (rectifier 
controlled) and/or OR connection transistor which consist of a 
synchronous detector. This "cutoff decision logic" While the converter 
is not operating, it is guaranteed that a converter does not draw a 
negative current. This is realizable by pulling out enabling / disable 
input signal directly from a cutoff signal. Drawing 14 shows how to 
apply this to a non-insulating mold converter. In this drawing, it has 
the section 1407 where an electronic circuitry 106 answers one of the 
internal protection networks which detect the ON / off signal 1408 by 
which external supply is carried out, or an abnormal condition, and 
generate the cutoff signal 1406. A logic gate 1404 uses this cutoff 
signal as one of the inputs, and enables or disables the gate driving 
signal 1407 usual in the path top to the gate driver 1405 which leads to 
the gate terminal of a synchronous detector (OR connection transistor) 
102. [0057] 

When enabling / disable input signal (it is not related to whether it is 
pulled out from the combination of which decision logic or a decision 
logic) is arranged at the input side of an insulating mold converter, 
the bridge (bridge) of the insulating gap is carried out using the 
optical isolator shown in drawing 9 , and it can provide the output side 
of a converter with enabling / disable input signal. In this circuit, an 
optical isolator 1510 has the output transistor which drives the 
reversal buffer which consists of a transistor 1506 and a resistor 1507. 
Next, the output of this buffer drives the hold-off transistor 1505, and 
pulls down diodes 1503 and 1504 for the gate of the through synchronous 
detectors 1501 and 1502. 
[0058] 

In the cutoff decision logic approach, the alternate method for 
generating enabling / disable input signal is identifying indirectly the 
time of observing the wave of the power circuit where those 
configurat ions' change depending on whether the converter operating or 
not, and a converter being intercepted. For example, the electrical 
potential difference of the node X of drawing 1 , the electrical 



potential difference of 101 both ends of drawing 1 , or the electrical 
potential difference of the secondary coil both ends of drawing 2 </A> - 
5 can be used. Drawing 16 shows one example of the approach of realizing 
this indirect approach to all these circuits. Peak detection of the 
electrical potential difference of the node which has a switching 
waveform is carried out by diode 1601, a capacitor 1602, and the 
resistor 1603. When the electrical potential difference of capacitor 
1602 both ends is not under not switching [ which becomes high ] while a 
converter switches, the electrical potential difference becomes low. A 
comparator detects the partial pressure which divided this electrical 
potential difference, and compares it with reference voltage 1607. When 
the electrical potential difference of capacitor both ends is too low, 
it is shown that the converter suspended switching and the comparator 
output 1608 is set to low. Next, this low signal is used and the 
synchronous detector of the power circuit 1610 is disabled. Two or more 
switching nodes of a power circuit are also detectable. For example, 
both nodes A and B are detectable in the power circuit of drawing 5 
using two diodes of a peak detector. 
[0059] 

The 2nd usable decision logic approach is disabling the controlled 
rectifier and/or OR connection transistor which consist of a synchronous 
detector, when output voltage is too low. This "output voltage fall 
logic" When output voltage declines compared with the time of normal 
actuation according to conditions, such as a starting, superfluous load 
current, and circuit short circuit or the other abnormality situations, 
it guarantees that a converter does not draw a negative current. This 
decision logic approach carries out direct detection of the output 
voltage using a comparator, and can realize it by inspecting whether an 
electrical potential difference is lower than a specific threshold (for 
example, 90% of normal values). Next, proper EBURU / disable input 
signal can be pulled out using a circuit as shown in drawing 17 . This 
circuit contains the comparator 1605 in comparison with the electrical 
potential difference which generates the value of output voltage (the 
resistance dividing network networks 1603 and 1604 are generated) by 
criteria 1602. According to general design theory, a hysteresis can be 
added to a comparator. This decision logic approach is realizable also 
by detecting other specific electrical potential differences or currents 
(output voltage being expressed) in a power circuit. 
[0060] 

The 3rd usable decision logic approach is disabling the controlled 
rectifier and/or OR connection transistor which consist of a synchronous 



detector, when the output current falls below to a specific threshold 
level. This the "low-power output decision logic approach" Ideally, when 
it is set as zero, a converter starts and a negative current is drawn, 
the threshold which can be set disables a controlled rectifier and 
prevents that a negative current flows by that cause. However, it is not 
necessary to choose zero ampere to a threshold. 
[0061] 

For example, a negative value (for example, 1 - 10% of the rated 
current) is used slightly, and it can operate certainly as it meant 
until the converter became the load current of zero completely. Thereby, 
although some negative currents flow in an abnormal condition, it is not 
the degree which has a bad influence on system performance. Or a forward 
threshold level is used slightly and a converter can be prevented from 
drawing a negative current. Although the small forward load current 
flows not through a more efficient controlled rectifier but through a 
non-controlled rectifier by this, since current level is small, large 
power consumption is not generated. 
[0062] 

Generally, a threshold does not need to be highly precise (made in the 
range of a small negative value and a small forward value). Furthermore, 
a hysteresis is incorporable into the comparison performed. 
[0063] 

In order to measure the output current, the electrical potential 
difference of the both ends of a low resistor within a current path is 
measured, or some known approaches of using a current transformer can be 
used for a serial one of the switches. This is measurable at the input 
side of a converter in the current which can perform by the output side 
of a converter or expresses the output current. 
[0064] 

The option which realizes this decision logic approach is detecting the 
voltage drop of the both ends of a synchronous detector or OR connection 
transistor. Drawing 18 shows one example of use of the approach of this 
latter, and the connection impedance approach of drawing 10 is used in 
the power circuit of drawing 5 in this example of use. As long as a 
converter supplies the forward output current, this from which one side 
of Nodes A and B, another side, or both are always negative to Node C is 
dependent on through which of synchronous detectors 1001 and 1002 on the 
other hand (or both) it has flowed. Consequently, diodes 1801 and 1802 
maintain the base of the hold-off transistor 1011 on a sufficiently low 
electrical potential difference, and make this transistor a turn-off, 
and enable a synchronous detector. When the load current becomes 



negative, the base electrical potential difference of the hold-off 
transistor 1011 corresponds and rises by the electrical potential 
difference of Nodes A and B just becoming between the flow time amount 
of each synchronous detector (pull-up resistor object 1803 connected to 
forward output terminal V+OUT), consequently a transistor 1011 is turned 
on. Thereby, controlled rectifiers 1001 and 1002 become a disable as 
mentioned above. 
[0065] 

The 4th usable decision logic approach is disabling the controlled 
rectifier and/or OR connection transistor which consist of a synchronous 
detector between the starting stages of converter actuation. This the 
"starting decision logic approach" It guarantees that a converter does 
not draw a negative current between ON change transients. This approach 
is the "cutoff decision logic approach". Although it is realizable using 
the used above-mentioned approach, it is corrected by adding time delay 
and a controlled rectifier is maintained by the disable between a 
certain time amount after a converter is no longer intercepted any more. 
The option which realizes this decision logic approach is the "cutoff 
decision logic approach". The "loss-of-power electrical-potential- 
difference decision logic approach" It is combining. Before a controlled 
rectifier is enabling, a converter needs to operate and output voltage 
needs to be rising to the normal values. 
[0066] 

The 5th usable decision logic approach is an "off change transient" to 
which converter output voltage falls to zero gradually before a 
converter is intercepted. It is disabling the controlled rectifier 
and/or OR connection transistor which consist of a synchronous detector 
in between. This the "off change transient approach" It guarantees that 
a converter does not draw a negative current during this off change 
transient period. This decision logic approach is the "cutoff decision 
logic approach" further again. Although it is realizable using the used 
above-mentioned approach, it is changed between the off change 
transients before intercepting a converter so that a controlled 
rectifier may be disabled. Or the "output voltage fall decision logic 
approach" The "cutoff decision logic approach" It can combine and the 
result of a request can be obtained. 
[0067] 

The 6th usable decision logic approach is disabling the controlled 
rectifier and/or OR connection transistor which consist of a synchronous 
detector, when an external signal is supplied to a converter. Such a 
signal can be offered by the circuit which detects that the problem of 



the circuit which detects that a negative current exists, or a negative 
current may occur. This signal can be supplied from another DC to DC 
converter, or can be supplied from the supplemental circuit on the load 
circuit board. Drawing 19 is such an "external signal decision logic 
approach". It is shown. 
[0068] 

The 7th usable decision logic approach is disabling the controlled 
rectifier and/or OR connection transistor which consist of a wave 
synchronous detector, when the wave supplied to the control terminal of 
a controlled rectifier is in the condition of not causing a right drive. 
For example, by the active drive approach, when the power rail of a 
control circuit is too low for guaranteeing right actuation, a 
controlled rectifier is disabled. A controlled rectifier is made into a 
disable, when an active drive circuit acquires timing information from 
the wave in a power circuit and this wave is too low for being correctly 
recognized by the drive circuit. Similarly, by the passive drive 
approach, when the wave used for driving the control terminal of a 
controlled rectifier is too low for guaranteeing right control of a 
controlled rectifier, a controlled rectifier is made into a disable. 
[0069] 

This the "unsuitable forward level decision logic approach" The circuit 
of drawing 5 can be considered as a special example. In this example of 
a passive drive, when synchronous detectors 505 and 506 are ON, the 
electrical potential difference supplied to those gates is proportional 
to the electrical potential difference of capacitor 500 both ends of a 
middle bus. When the electrical potential difference of the capacitor of 
this middle bus is too low, it stops driving a rectifier on sufficient 
high electrical potential difference turning on completely, and it does 
not operate correctly in this condition. Therefore, middle bus voltage 
is detected, and a controlled rectifier is disabled when this electrical 
potential difference is lower than a fixed threshold. During normal 
actuation of a converter, since it is necessary to carry out middle bus 
voltage to more than this threshold, a threshold is chosen as a 
comparatively high value (for example, 50% of the normal values of 
middle bus voltage). 
[0070] 

The DC to DC converter operated, and while supplying power to the output 
terminal, when the controlled rectifier and/or OR connection transistor 
which consist of a synchronous detector are a disable, the converter has 
compensated the comparatively large voltage drop of a non-controlled 
rectifier. When the time amount which enables a controlled rectifier is 



reached and a rectifier is enabling quickly, output voltage rises 
momentarily according to the difference of the voltage drop between non- 
controlled rectifiers. 
[0071] 

in order to avoid this transient phenomenon — a controlled rectifier — 

— gradually — enabling" It is necessary to carry out. Thereby, the 
synchronous detector which has flowed, or the average ON state 
electrical potential difference of the both ends of the OR connection 
MOSFET means that it is necessary to change from the large electrical 
potential difference of a non-controlled rectifier to the small 
electrical potential difference of a controlled rectifier gradually over 
the bandwidth of a converter, an EQC, or a period longer than it. If 
this is filled, it will have time amount for the feedback loop of a 
converter to adjust a duty ratio (duty ratio) (or other control 
variables), and will maintain to the value which can permit fluctuation 
of output voltage by that cause. For example, by the converter which has 
10kHz bandwidth, it enables gradually over the time amount beyond about 
0. 1ms or it to the feedback loop. 
[0072] 

There are two approaches in control of the average ON state electrical 
potential difference of a synchronous detector or OR connection 
transistor. They are indicated by the PCT application W0 98/33267 (July 
30, 1998 public presentation) at the detail. 
[0073] 

The 1st approach controls the degree which turns ON a controlled 
rectifier. For example, if an MOSFET device is used, an electrical 
potential difference (inside of the time amount through which MOSFET has 
flowed) will be controlled, and it will be made to some electrical 
potential difference between several volts more than a threshold and a 
threshold. In the case of the latter with channel resistance of MOSFET 
very high in the case of the former, it becomes the minimum resistance. 
[0074] 

Therefore, the average ON state electrical potential difference of an 
electrical potential difference MOSFET can be gradually decreased on the 
average ON state electrical potential difference of a controlled 
rectifier from the average ON state electrical potential difference of a 
non-controlled rectifier by raising gradually gate voltage (inside of 
the time amount through which MOSFET has flowed) from a threshold to 
several volts more than a threshold. 
[0075] 

Drawing 10 shows one method of raising the gate voltage of MOSFET 



gradually in this way. As mentioned above, a gate voltage waveform is a 
square wave which changes from zero mostly to the electrical potential 
difference sufficiently higher than the threshold in a drive half cycle 
in a reset half cycle during normal actuation. On the contrary, while 
the hold-off circuit is operating, the range of a gate voltage waveform 
is from level slightly higher than the zero in a drive half cycle to the 
negative value in a reset half cycle. This wave-like DC value is 
negative. 
[0076] 

When the hold-off circuit of drawing 10 does not operate, DC value of a 
gate voltage waveform rises from an early negative value to the forward 
last value (namely, when a transistor 1011 is OFF). This rise is the 
form of (1-eT/t). Here, T is property time constant C1005xR1003 (or 
C1006xR1004). While DC electrical potential difference of a gating 
waveform rises, the value of the gate voltage in a wave-like drive half 
cycle rises. By what a sufficiently long property time constant is taken 
(several mm second), the average ON state electrical potential 
difference of MOSFET decreases gradually. This means enlarging R1003 (or 
R1004) relatively generally, and, thereby, maintains the requirements 
for current handling of a hold-off transistor small. It indicates again 
that a connection impedance plays two or more roles. It includes 
offering a means to raise MOSFET gate voltage gradually at the time of 
enabling in addition to the above-mentioned contents in them. 
[0077] 

The 2nd approach for controlling the average ON state electrical 
potential difference of a synchronous detector or OR connection 
transistor is that the time amount which the controlled rectifier turns 
on controls comparatively (comparatively in the whole time amount whose 
combined device is switch-on). For example, a controlled rectifier can 
carry out an ON change extremely into flow time amount for a short time, 
or is made into the ON between whole periods. The average ON state 
electrical potential difference of the device which combined in the case 
of the latter with the average ON state electrical potential difference 
of the combined device near [ in the case of the former ] the average 
electrical potential difference of a non-controlled rectifier (because, 
a device passes a great portion of time amount and a current) is an 
average electrical potential difference of a controlled rectifier. 
[0078] 

Therefore, the average ON state electrical potential difference of a 
synchronous detector or OR connection transistor decreases gradually on 
the average electrical potential difference of a controlled rectifier 



from the average electrical potential difference of a non-controlled 
rectifier by decreasing gradually the rate of time amount that a 
controlled rectifier is ON. 
[0079] 

Drawing 20 shows one method of attaining this, and supplies the control 
signal to the synchronous detector using an electronic circuitry. In 
this example, there is a circuit which becomes the preceding paragraph 
(gate input edge) of the logic gate used for enabling/disabling in a 
controlled rectifier from the lamp generating circuit 2012 (an inverter 
2002, the base resistance object 2003, a transistor 2004, a current 
source 2005, and capacitor 2006), a comparator 2001, and RC circuits 
2007 and 2009 with diode 2008. The lamp generating circuit 2012 
generates the lamp wave which starts with a zero bolt, when what the 
driving signal 2010 from an electronic control circuit 602 should make a 
synchronous detector (OR connection transistor) 601 to ON for is shown. 
This ramp signal continues going up over the flow time amount to mean, 
goes up only by 1 volt according to a voltage source 2010, and is used 
as a negative input to a comparator 2001. A driving signal 2010 is 
allowed to set the output of this comparator only to high, therefore to 
pass through a logic gate (AND gate) 604, when the electrical potential 
difference of the forward input of a comparator is higher than lamp 
voltage. 
[0080] 

When enabling / disable input signal 605 is low(s), the forward input to 
a comparator is high, and the output of a comparator always maintains 
low and enables the driving signal 2010 which reaches a controlled 
rectifier 601. 
[0081] 

When enabling / disable input signal 605 is high(s), the electrical 
potential difference of the forward input to a comparator rises 
exponentially by time constant R2009xC2007. A controlled rectifier 
lengthens the part of the "on" period which is ON as this electrical 
potential difference rises gradually. A controlled rectifier will be 
turned on [ whole / "on" period ], if it charges and the electrical 
potential difference of capacitor 2007 both ends reaches sufficient 
value. Diode 2008 guarantees that the electrical potential difference of 
capacitor 2007 both ends discharges quickly, when a hold-off circuit 
operates. 
[0082] 

Moreover, the hold-off circuit which acts to the connection impedance of 
the approach which the circuit shown in drawing 20 was used, and the 



connection switch of the approach shown in drawing 7 could turn ON 
gradually, or was shown in drawing 8 can turn OFF gradually. 
[0083] 

It is also possible to use the above-mentioned general conception and to 
control the rate at which a DC to DC converter changes from enabling 
state to a disable condition transitionally. 
[0084] 

Most DC to DC converters incorporate the maximum current limiting in a 
control circuit, and protect a converter from the bad influence of the 
excessive output current. Although various kinds of approaches are used, 
the approach of intercepting a converter and the approach of continuing 
actuation with the lowered output voltage which is the function of the 
load current are included in this. By the latter approach, a converter 
enables the output current to become large slightly from a threshold 
along with the fall of output voltage, a converter maintains the output 
current uniformly, or a converter decreases the output current. These 
approaches are a "fold forward", a "constant current source", and 
"foldback". Since it is called, various kinds of technique of attaining 
an all directions method is known in this technical field. For example, 
it is the fixed output voltage VOUT in the condition that a current 
increases if needed for supplying the load of specification [ a 
converter ] usually as shown in drawing 22 . It operates. However, a 
current is the maximum level IMAX. When reaching, the electrical 
potential difference of an output decreases with the function of the 
load current. A fold forward, a constant current source, and foldback 
****** are shown in 2201, 2202, and 2203, respectively. 
[0085] 

Similarly, it is the new minimum current limiting IMIN. It includes in a 
control circuit and the problem relevant to the negative current of a DC 
to DC converter can be avoided. Especially this is effective in the 
converter which uses a synchronous detector and/or OR connection 
transistor, however is not limited to such a converter. Generally, such 
current limiting will raise output voltage, if the load current becomes 
lower than a fixed threshold level. At this time, the output voltage 
which rose controls that the output current decreases further. 
[0086] 

The threshold level of the minimum current limiting is slightly made to 
negative, zero, or a forward value so that it may be illustrated. It is 
desirable to avoid the negative current of the magnitude which causes a 
problem. For example, it can guarantee working so that a converter may 
reduce the load current to zero completely so that a negative threshold 



level (for example, 1 - 10% of the rated current) may be used and meant 
slightly. Thereby, the negative current (magnitude which does not have a 
bad influence on system performance) of extent which is an abnormal 
condition comes to flow. Or a forward threshold level is used slightly 
and it is guaranteed that a converter does not draw a negative current. 
Although the small forward load current flows not through a more 
efficient controlled rectifier but through a non-controlled rectifier by 
this, since current level is small, large power consumption is not 
generated. This condition generates actually small whole power 
consumption with a light load. The reason is for the usually generated 
switching loss not to arise by making a controlled rectifier ON and OFF. 
This amount of reduction of switching loss is made more greatly than 
electric conduction loss of the addition generated when a light load 
current flows through a non-controlled rectifier. 
[0087] 

If threshold current level is reached, it can design so that the minimum 
current-limiting control circuit may generate a fold forward, a constant 
current source, or the property of fold back current limiting. In this 
case, in connection with output voltage rising, the output current 
continues decreasing slightly with the fold forward property 2204. The 
constant current source property 2205 maintains the output current 
almost uniformly, when output voltage rises. The foldback property 2206 
makes the output current increase more than a threshold level, when 
output voltage increases. The various approaches for attaining them in 
these different properties and a control circuit will be easily 
understood by this contractor, since they are the same as that of what 
was used to the maximum current limiting. 
[0088] 

Drawing 21 shows the block diagram of a DC to DC converter, and the 
minimum current limiting is included in the control circuit. This DC to 
DC converter can be used as the non-insulating mold or insulating mold 
converter of all gestalten. Detection of the output current is 
realizable using the sensor of the type with which some, such as 
resistance, a current transformer, or a Hall effect sensor, differ, 
detection of a current — an output terminal — setting — or the 
current elected is possible in other specific locations in the power 
circuit showing the output current. Depending on the case, other 
variables other than a current (however, thing showing the output 
current) are detectable. The same detection approach as what is used for 
the 3rd low-power output current decision logic detection approach 
generally explained above about disabling a synchronous detector or OR 



connection transistor can be used here. 
[0089] 

If the minimum current level is reached, in order to raise output 
voltage, generally a control circuit adjusts the duty cycle of a DC to 
DC converter. For example, the duty cycle of a transistor 101 increases 
in the down converter of drawing 1 -5. 
[0090] 

The advantage which raises a voltage output instead of turning off a 
synchronous detector is turning ON a synchronous detector, and while the 
large current is flowing, it is continuing operating in the condition 
with an efficient synchronous detector. When a rectifier is OFF on the 
other hand, a non-controlled rectifier continues operating independently 
and a circuit heats it in this inefficient condition. 
[0091] 

It is clear that both the enabling / the disable approach of the gate, 
and the above-mentioned minimum current-limiting approach are 
incorporated, and the problem relevant to negative current limiting can 
be avoided. For example, output voltage can be gone up when the minimum 
current threshold is reached. After that, when an electrical-potential- 
difference threshold or other current thresholds are reached, a 
synchronous detector and OR connection transistor are made to a disable. 
[0092] 

Drawing 23 shows one approach for realizing both max and the minimum 
current limiting. In this drawing, Ul-2301 and U2-2302 are op amplifiers, 
and Vref is reference voltage. The current I detected flows through a 
resistor 2303, and generates an electrical potential difference VI to a 
ground. An op amplifier is constituted as differential amplifier to 
which resistors 2304-2311 were added. Capacitors 2313 and 2314 decrease 
the gain in the high frequency of these amplifiers, and stabilize the 
current-limiting feedback loop. A capacitor 2312 carries out filter 
removal of all the high-frequency components of the signal VI resulting 
from the noise of a power circuit detected. 
[0093] 

An op amplifier answers to the maximum current limiting, and an op 
amplifier 2302 answers to the minimum current limiting. The shift amount 
which offers a level shift VLS to VI depends for resistors 2305 and 2304 
on the relative value of Vref and two resistance. Although both op 
amplifiers amplify the difference between this level shift value of VI, 
and a threshold electrical potential difference, each op amplifier has 
different thresholds VT1 and VT2 set up by one of Vref, and resistors 
2306 and 2307 or resistors 2309 and 2310. Only the amount equivalent to 



the desired maximum current limiting is higher than VLS, and VT1 is set 
up. Similarly, only the amount in which VT1 is equivalent to the desired 
minimum current limiting is highly set up to VLS. 
[0094] 

With diodes 2315 and 2316, two op amplifiers can affect only output 
voltage V0 in an one direction. If the current which an op amplifier 
2301 will pull up VCL and will be detected if the current detected 
exceeds the maximum current limiting becomes smaller than the minimum 
current limiting, an op amplifier 2301 will reduce VCL. An op amplifier 
enlarges the amount which pulls up VCL (or it reduces), so that the 
amount in which the current detected exceeds these two limits (or it is 
less) becomes large. When the current detected is between two limiting 
value, Node VCL is in a high impedance condition fundamentally 
(relatively restricted by the resistors 2308 and 2311 of a high 
impedance, and capacitors 2313 and 2314). 
[0095] 

Usual feedback - as which VCL finally determines the duty cycle of a 
power converter It is used as an additional input to the error amplifier 
2317 of a loop formation. Only when the detected current exceeds the 
range, VCL affects an error amplifier, therefore a duty cycle. When, as 
for the VCL connection with an amplifier, the detected current exceeds 
the maximum current limiting, it is made for the output voltage of a 
power converter to decline. On the contrary, when the detected current 
is smaller than the minimum current limiting, VCL raises converter 
output voltage. 
[0096] 

Although the desirable operation gestalt illustrated this invention in 
the detail and it has been explained, it will be understood by this 
contractor that various kinds of modification of a configuration and 
details is possible, without deviating from the range of this invention 
included by the claim. For example, it becomes the thing and reverse 
which show the connection method of details, and the polarity of logic 
all over drawing in that case about a synchronous detector and/or OR 
connection transistor by using a P channel device instead of N channel 
device, and being able to realize. 
[Brief Description of the Drawings] 
[Drawing 1] 

It is drawing showing the non-insulating mold down converter which uses 
synchronous detection and an active drive system. 
[Drawing 2] 

It is drawing showing the insulating mold forward converter which uses 



synchronous detection and an active drive system. 
[Drawing 3] 

It is drawing showing the insulating mold forward converter which uses 
synchronous detection and a passive drive system. 
[Drawing 4] 

It is drawing showing an insulating mold forward converter with the 
synchronous detector driven with an external transformer coil. 
[Drawing 5] 

It is drawing showing another insulating mold DC to DC converter which 
uses the synchronous detector driven by the passive network. 
[Drawing 6] 

It is drawing showing the circuit which inserted the logic gate in the 
drive circuit for the synchronous detector enabling / in order to carry 
out a disable. 
[Drawing 7] 

It is drawing showing the circuit which inserted the connection switch 
and the hold-off circuit in the passive gate drive circuit for the 
synchronous detector enabling / in order to carry out a disable. 
[Drawing 8] 

It is drawing showing the circuit which inserted the connection 
impedance and the hold-off circuit in the passive gate drive circuit for 
the synchronous detector enabling / in order to carry out a disable. 
[Drawing 9] 

It is drawing showing the example of the concept shown in drawing 8 . 
[Drawing 10] 

It is drawing which was corrected to two synchronous detectors so that 
only one transistor might be used for a hold-off circuit and in which 
showing the example of drawing 9 . 
[Drawing 11] 

It is drawing showing the non-insulating mold down converter which uses 
synchronous detection and a passive drive system. 
[Drawing 12] 

It is drawing showing OR connection transistor driven by the active 
control circuit which has a logic gate for offering enabling / disable 
function. 
[Drawing 13] 

It is drawing showing OR connection transistor driven by the wave of the 
power circuit shown in drawing 5 . 
[Drawing 14] 

It is drawing showing how to pull out enabling / disable signal from a 
control circuit cutoff signal. 



[Drawing 15] 

It is drawing which showed the example of the concept shown in drawing 
9 , and has taken out enabling / disable input signal from the input- 
side control circuit using the optical isolator. 
[Drawing 16] 

The switching waveform in a power circuit is used, a converter is 
intercepted, and it is ". Cutoff decision logic signal" It is drawing 
showing providing. 
[Drawing 17] 

It is drawing showing using a comparator circuit, and detecting that 
output voltage is too low, and disabling a synchronous detector. 
[Drawing 18] 

It is drawing showing that the direction of the detection output current 
is contrary to the voltage drop of synchronous detector both ends. 
[Drawing 19] 

It is drawing showing the DC to DC converter offered by the signal by 
which the synchronous detector was used and the rectifier was supplied 
to enabling / decision for disabling from the outside. 
[Drawing 20] 

In a normal "on" period, it is drawing showing enabling a synchronous 
detector gradually by increasing an ON state period gradually. 
[Drawing 21] 

It is drawing showing the converter which has realized the minimum 
current limiting. 
[Drawing 22] 

It is drawing showing the electrical potential difference/current 
characteristic of the converter which has both min and the maximum 
current limiting. 
[Drawing 23] 

It is drawing showing the circuit for realizing both min and the maximum 
current limiting. 
[Description of Notations] 

102, 202, 203, 505, 506, 601, 701, 1001, 1002, 1202, 1302 — A 
synchronous detector (OR connection transistor), 803 — Connection 
impedance 
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^ ^ m t -r * «fc o ifis i > m * m ee & &g t r 3 «& t * & . 

[0 0 0 4] 

^M^^-r^o b^u saiB©^T«, 3>A'-^^^-xc^^.e>nfcD 

&<5. |W|WS^§§^H^.^)^<©M^J^$n«)DC/DCn>A^-^tt, hubB 
[0 0 0 5] 

[0 0 0 6] 

-fr^^ct^tc-r^Ci^V^ "ORil^'f =t"— K (ORing diode) " \Z& 

ffi&3\%&tS<D&m±Zn2>frt>-V$>Z> B b^b, OR^-ft-F?: "OR 
^ih7>^X^ (ORing transistor)" (*7ftW)TZ>J:o\zmM2nfch7> 
yX^) tm#mx.T, A ot 7-M»^f£M$-&^dt^MSb^ 0 OR&*fch7 
tfcffflMsftgg (iHSnsSM) £fc#$!l« 



(13) *t^2 003-504997 

[0 0 0 7] 

^@X^Vi=k^^«aETS*-a-t?fe^o WAH 5VUJA3>/Wi3. 3V 
m^n>A— ^OM^^ffl-r^>'>X^A(c:*3ViT«, 3. 3Vm^Ji5VtH^7 
©fWlc "^>7 • y-r^— K"£fi^T> 3. 3VttS^J^\ 5 Vtfi^tClO© 

3o*fe«4^(D^7>-7°- y^^-Y^mnz^^-ymmvx, svttj 

%Z\t&-t:%Z> 0 
[0 0 0 8] 

o 

[0 0 0 9] 

^-r-5su©^^\ 3>a*— ^© "mm"znrcmzm±irz>o zomm 

[0010] 



(14) 4#^2 0 0 3- 5 0 4 9 9 7 

[0011] 

x-Xit/ (MM) "izTZ cr&fc>*>, 3->Lt£^£o\z?z>) z. 

[0012] 
[0013] 

z\ 

[0 0 14] 
[0 0 15] 

nnmrnrnzttv z. z.-cm^n^mo)mmm^mn, dc/dc^ >a- 



(15) 



#St2 003-504997 



[0 0 16] 
[0017] 

tn^«jE&ft«iffli'r-5«iwii5i8s&^ty. s 6 m %mm&\zi$-t 

[0 0 18] 
[0 0 19] 

>A*-^rt©te©*msgdiE«*dfEns*sK^«!fo, a«7-- 3>A*-*rt"rtfcffi 

[0 0 2 0] 

< Lhl-D<DfflWmffi&&7 : '(XX.—zr)V\ZT*%Z>o 0H*.fcf, A*>7- • 3>A- 
[0 0 2 1] 



(16) f*^2 003-504997 

© i frm&EE®mm&ffiz-z>. 2 ^{pjj^jee§§#^ihis§«> ^i^2©i $tm$t 
Ei8t»o / M<tt)i o»c«jtt$nfc» ^&<t , bi ^©2^#^£w-r&o 

[0 0 2 2] 

^BJ©g'J©^^cfcntt\ DC/DC/t7--3>A-^!i /W — ©SSrt 
[0 0 2 3] 

^^^©^!iffli^t©F^©^-r >tf— ^>x«^^Wjieii^t?afeoi: ! fect 

[0 0 2 4] 

assess 5 K«in?€r*. *-juh • *7m&\*. mmmM^cDmm^iim 

[0 0 2 5] 



(17) ^$2 00 3-5 04 99 7 

[0 0 2 6] 

)\> (power rail) jWSi®^ Z\£\zfo^Z>fr, ^TMmW&WL^m'm-? %>%L 
[0 0 2 7] 

*^BjcDgij<D«^^ctntt\ Dc/DC3>A-^ii, $(i^i^^#t^$n^ 

^«A*7— • 3>A— 9<DtV7 — lHlgS^e>Si!lWtC^T#^o faJ*iP»tf>TO 

[0 0 2 8] 

[»SUV^JI!l^!8©JKW] 



(18) *#^2 003-504997 

[0 0 2 9] 
[0 0 3 0] 

mmz*\ ^tc\^mm^ (jam, *^a->^, &&zt/ittz\-z<i>y9*) & 

[0 0 3 1 ] 

mnmmmumz. *iiD c /d c □ >a'-^c«i ^ t^u. 0 

lteX-f v3->9 • h^>z?X? 1 0 1, 0 2, 2007>fJ^- 

=£-Wl->* 1 0 3, 1 0 4, &£U7s<)V*? • >f >y^^ 1 0 5$ft5^-7> 
• 3>A— ^^^-Tc HI fc^TJ^K:, 3^ r 7> • H>A— ^(D h7>>>7>? 1 
0 1 Sr^->^<k^^(C^J0^^.-5|Wl— <DnmnWl&l 0 6 £s£ff-LT, 
3>A*-^(D|W|$WgaSE3gl 0 2^^->*3«fcW7-r*©ttMT&S. 5 
&*f*[Hlg§te, LTC, Maxim, Unit r ode&£©^a?l^A?T'f 

[0 0 3 2] 

mmmmm^Tc^mmmwKD a% 5 ^jees&w-tsd c/d c n >a- 

^CfiTt^. g|2te^/±f§2 OK 7^ yj->if ' h?>z?7>9 10 1, 2 



(19) HS2 0 03-5 049 9 7 

r3<Dmmmffi$B2 o 2, 203, ^7^m-xi/^>mo3, 104, 
1 0 s&m-r&mmmyxu-F • n>n-^£^-to m2iz^-?&o\z. mm 

3\^m-rz\t^x^. zt>\z/^y--®&<DAt)m<Dmwmffi2 0 4^^mmtati 

[0 0 3 3] 

§§2 0 2, 2 0 3 &MW-?Z>Jj&0)M&^-f<, mW®&2 0 4#>^>>?X^£ 
:*>tC#J«9^;L-S<hi^ ^n(wctD^ffi§§2 0 1 Mw&c3§£-T£IECD1|J£«/- 
FA(D«l££±#$-ti\ -^CD«J£^|W]»J^gff2 0 2 ^t>l:t§. 7 
-FBcDmffite{£TU ^-ntCj;D|SI^S^t§§2 0 3^^^tC^^„ X-T^^> 

n^o h7>yx^ioi^7i, ^j±i§7^u-fcy hUTv^x-r v^-y^f • 
mMMM^2 o 2&*7\ztyK>m7Lt>ti. mnmmm 2 o 3&*>\z 

[0 0 3 4] 

i4«i3 \Z^ttfe(D^Ml&m$:^T&V. «li#^4 0 3, 4 0 4« 

m^f£mi"Amm4o i t2^mm4o 2izmm^n. iwj«»?t§s 2 o 2 , 20 
?jio)m. lEv^mmmMmM^z^y^n^^^izt^x^fo. *fc#^it 

[0 0 3 5] 



(20) t*^ 2003-504997 

m 5 izu^fcm^— 7,(om(DD c/d c □ £^lt& d , ^ozi yn— 

9\Z\Z. h7>yX^10 1, 10 2 <h7^ M • XI/^>M 0 5, 5 0 0, 
5 15 £^<D$i/£$n3^> • 3>A*-* • X^-vSrMM^, 1##^5 
0 1, 5 0 3 t2^tl5 0 2. 5 0 4 £WT3 2 O^JEfgSrffl I^T^Ip<h#& 
i*7^-v<i:£if{&LT</>3 0 h7>y^^5 16, 5 17(il«50 1t 

5 o 3&3.mzmB^-i?<Diht>\zmmv, ^tzmn^M^s o 5, 5 0 6« 

2^|^^3SS^ttl^^^/V>^ 1 0 4t«§. * J r/V>^/J£*a#»JH!S& 
(Xl^>h507~5 1 0*5^^X1/^ > h 511-51 4 rt* <=>*i/&£n3) 

Djft-^£|HlM^§§5 0 5, 5 0 6C«t^. ^<DtE^«PCTtiimW0 9 8 
/3 3 2 6 7 (1 9 9 8^7^ 3 0 0^1) KP$3Cf2<fc£nT:fe 9, ^r<D[H^ 

[0 0 3 6] 

fl^§6 0 5£i&M£U -€-<Z>A7J«^c£D, |W|$i^§§£< * 
[0 0 3 7] 

izmn \z mm l . a 7 - @s§ <£> &^t^jp^ & sstx * 



(21) <&i&2 003-504997 

[0 0 3 8] 

m7i$z\<Djjm<Di-D<Dmi&Mm&ttLT%>r)^ /w— m&omw&ffi&izM 

bMOS FET 7 0 l^fflSnTUS. J»X-f y^7 0 3 tt/1"7-|§l& 7 0 
2 ©iftigiMO S F E T®y- N CS»t5. IKD&mX^ yntttKDMWM 

=ti o 4i:ft*&$n^fiao^>*«fctft7sn5. ;n« • ^-^ius&7 
o 6«strc©J;^^ib-r >tr— y>xTt>j;<, sfctejg^x-r ^7 o 3^ 

•C & 3 C £ MSt* Z> o 
[0 0 3 9] 

08 Krai, MmmTfiwv-\$&<Dmm^&mmzmm)2nz>£Zizmm-r 

A°<7-[eIS£«7 0 2t, l*gW3g»EfS»C&JB£n5MOSFET7 0 1 MWffiT 

tomizmwznzo 3LCD^-f >tr— ^>xte*— • ^-^ms&7 0 6 ti 

. MOS F E T^f'f 1 1, H • ^IhIB&^I&U 

©«»©m, mm<>¥-y>x\z£K>s mos f ET0iH»s8^©ft 

^, ;H* • ^:7 0S&te#fe»re&9, JWfPW^RJ^ttA^— GIST 
[0 0 4 0] 



(22) ^2 0 0 3-5 049 9 7 

[0 0 4 1] 

ei 9 t*Bi 8 {c^-r«^^0 5 tz7K-r**rti'*/i&Vift&m&\zmm vtcm-e, 

©lftW^J^*l/TV^. 3^/1>^9 0 3 9 0 4©f^tt, ^ 

>t°-^>7.£fl^u y^c*— H9 o 6 i^ntcii^j(D h^>^x^ 9 0 

[0 0 4 2] 

^II0 5^tS. i5tH |W|»!Siffi§§ 5 0 5 <h 5 0 6 ©M^, 08t 
0 9^^$n^)^ic-r>t: o -^>X<i:*-^H • * 7 ESS 9 
0 5iy-rt-H9 0 6H RClHl8§5 0 8, 5 0 9^^512, 5 1 4 (D# 

fcy— H©&J^«^feT?*S. — ^#©M " U-fey 

<Z>E&fe<Z>i¥»H&ift9§tt» PCTW09 8/3 3 2 6 7 (1 9 9 8^7M30 
[0 0 4 3] 

Xi'^fV^ratcMUTl^.h^t^) > |SI»iSE«E»©y-h©«ffi«^ 

C 5 0 7/ (C 507 + C512) SfcteC 511/ (C511+C 5 0 8) I: 
iDiSb, SfcD'CjEK^ttfifit©»»J3a* (R 5 1 4/ (R509+R5 14 
) Sfcte (R510/ (R513+R510) {Cd: 9 MsTSo <l<£>:£i£Tl3U 



(23) 2003-504997 

[0 0 4 4] 

T\ **{fi^&J3 0 V<D£gM<hft£ 0 3 0V(D«J±te, MOSFET©y-h 

£*WN°>-^ 5 1 2CD1/2KU 5 0 9 (DjgtaM^Sfit^ 5 1 4(D 

2m\Z-?Z>li, MO S F ET 5 0 6 h^©iJEtltt« fi/Httf*ifnT 

, Ml^Ul OVflialfciflCf^. ^<OMOS FETtt^KDtSffl^r 

[0 0 4 5] 

o C 9 0 4 £MO S F ETO^r- h^<Z)f ^T<D^^*{Cit^T^:# < IT 
(£<otC, R9 0 3^#T^7^^y(7)^-;i/F • ^-^[HlS&Oll^igtfCtClt^T/jN 

[0 0 4 6] 

litl =F^/V>^5 0 7i51 l^V-FAiBCO^pcDAC^^^fbig-r 
[0 0 4 7] 

±w<Dmm^ >¥-¥>z>&m Dmn^>±mm\zit^xmMmz^^ < & 
h • v-xPeiSHi^s (^7c«, i5©+t/v>^ 5 0 8cDct3^y-i--y- 



(24) #^ 2003-504997 

iz'bz^ 0 z\coxo\zmm^ >E-y>x^m^^mt. m7\z^Ltcmmx 

[0 0 4 8] 

Z\(D?4 XJi-yfrVtmom, *-;i/K • ^7IUS&(D^W^-H<h h^>>?X 

-So z<DiE<DimtMosFET(Dv^^m^^hi&<mw^n^>!^m^^>a z. 
<DVtm&um?z<D\zmm-?% z>&ffi £vt. ->3 >y n*- • y^^t-^^mm 

{c, • ^7®&&T-x<DRtDK>\z&mmzmmTz&ffift&z>o ^<d 
te©gftt, zzwzm^nrcT-i ^y£#x.<=>n*u;£, mmmizmnm-efoz 

■5o 

[0 0 4 9] 

;U H • *7®3&(D h7>z?X*{zMLTmmz¥-(Jr--F$:mn-?Z>Mm~C 
[0 0 5 0] 

2-D(Dnm^^^^ 7,jL—7*Mz-?z>z.£fimmi:&z>o mi o\z^t£o 

\Z, l£-~(Dh7>i?7,? 10 11H ^t-h* 1 0 0 7 tl 0 0 8 £®bT|Wl 
mmmi 00U 1 0 0 2<D2~D<D5 1 -hmT\zmm-£tLZ> 0 Z\<Dmf&-ete. 

h^y^Ts? loiin y^-x—v 1007 Lmzftmvx, mm**y^ ?)v 

(DPbIMOSFET 10 0 1 ©y- bni±&?7>7°ls. VK\Z^-i -ft— H 10 0 8 

t.mzf^m it. ^cd^im ^;wc:fctt£Mo sfetioo2 ©y— 

7 7>7°-?Z>« 

[0 0 5 1 ] 

@9tl0il *-;i/F • *7®ffi(D Yzry^JT,? (9 0 5£fc«l 0 11) 



(25) 2003-504997 

[0 0 5 2] 

8ioii y#tr* i o 5fciiiPbT, y-hss^tcgus-rsci-t^-r^* 

[0 0 5 3] 

ORil h5>^X^ UDC/DCn >A-* tb^SrfflTJ A7> tCj^^ 

Hlg&l 2 0 3<ty-h • F^-TAl 2 0 5MtTOR8ih7>yX^ 1 2 
0 2&Mffl~CZZ>. Z\(DM^\Z\t. il^r- h 1 2 0 4)5H^-^/t^XI 

[0 0 5 4] 

A«7— tUSS(D»^6, OR^h7>> ? X^(D0IH^^IKWrT#'5o 01 
3tt, ^n&@5 03>A-^(^UT^IUfclO©^^to Z\<Djj&T* 
it, 0 5 0/17- HJ8&1 3 0 1 HA^B<D«JEjS^, ^t~Fl 3 0 

3tl 3 0 4^IlTORiiMOSFET 1 3 0 2 (D^- hSSTKgSBSS *IT 

ffi©Wc^MTfeO> *5-tfO • ^;i/h<t:ai^«ffi0^2fg<h©K(Digi|'S?:it 

^-r^-- k i 3 o 3 1 1 3 o 4 tt, mtfnmz^y- h • v-xp^/es: 

#OJ;^tC, ^tlbM^t?n75:V^^tC«, igtfi^l 3 0 5ttORilh7 
>^X37 1 3 0 2©y- h£#fcmbT> ^C7) h^>^X^?:^-^{CT-5o 



(26) 2003-504997 

[0 0 5 5] 

©nsy-K mmx^y^, zrcu-fc-jiF - -tym&izttv ;r<i 

[0 0 5 6] 

ntJCcko^T^So 114(1 zn&ftmmm^y^-zizftvmm-rzji 
m&^-? 0 zL<Dm~c\z. ft^mss i o 6 ^\ ^«$ni>t>/t7i^i4 

0 8t5\ Sfctegm^fclfcWLTiKJWfl^l 4 0 6 £5B£"T5 F*38B«»I§IS&© 
t^e>^i:^t§t^y3>1 4 0 7$tt5o Hiy-M 4 0 4tt, JIO 

0 2<Z>y— h^{d®-r^y— h • K^A'HO 5 '\<A^S&_tTSt^tf>^ i — h 

1 4 o 7Sr-r^-y;i/Sfe«^w7,x-^;Kc-rs 

[0 0 5 7] 



(27) #^2 0 0 3-5 04 9 9 7 

^{ftTfTS. Z\<DW?i*. l/-^ 1 5 1 Ote, h7>yX^15 0 

6£jg£ri#i 5 0 7 £A>5#j£$n5Kfc/^:7 7£ra*b-r£ai;*j h^>> ? xd7 
*tt5. ^o;\*^7r©tB*^, aft— ;H* • ^ • h7>yX^ 1 5 0 

^t-Kl 5 0 3tl 5 0 4 £iIb|wll8S^§§ 1 501tl50 
2£>'7*-h£3l£Ttf3o 
[0 0 5 8] 

fca6 Oft n>A*-^Wi(,UTV^^£-5^(c:fe#bT j etl^(7)^ 

ag'j-rsci^T^s. iio;-Hxiom @ 1 © 1 o 1 m^««jbe 

O^Sfet^l 6 0 3(CckoTt:-^^ttS$n^o 3 >A— ^3&«X-f v^>£f 
3r*/1->^ 1 6 0 2ffi«S©«EEtti«<&:£» X-T -^©^ 
JEEfctte<&*. Jt*S58SttJl©«JE^SiJb^BE^ttibT; -^n^SMJBE 1 

6 o 7 tjttsrrs. ^^/i'>^MJS©*jE*«<£ia^sJ©-&«, n>A— ^^x-r 

y5P>^£ffltbfc;i££^bT:feD, Jfc«»tti;*jl 6 0 8«1 owfc&S. & 
\ZZ\<D\ owit*«ffllT, Ay-IH8&l 6 1 0©|!3aH&SK8&£5 s -f xx-:/ 

J - H A t B ©M;£**feaJ-e# 
[0 0 5 9] 

frt>uz> wmm.m%k%> «fc zt/ittc hor h 5 > i^x ^ x x-x;i^ ic-r 



(28) 2003-504997 

017 (C^$tl^>«t 5&[HlS&£:ffl^TjSiEftX— 7>/5V 7.x— TMUA^fl^f 
£3l#ffli*5o ilCDHII&te, ffl>fj«JEE (ffitft^»JlHl»*H 1 6 0 3 i 1 6 0 4l:J; 

Di4$n5) ©fit*S2pi 6 o 2 tcj;D^^-rs*ffiiitfe-r^it^§i i 6 o 

[0 0 6 0] 
C0 0 6 1 ] 

[0 0 6 2] 

— JRtc, L^M«i85^T&3&^«&^ (/h$^||<Z){i£/jN£^jEc7MiIcD 
[0 0 6 3] 



(29) #31 2003-504997 

[0 0 6 4] 

-5, Ctl«> |WI«fl?t§§l OOlilOO 2(DE%t><0—j5 (S&ttPfcfr) 
H • *7 • h^>>v^ 10 11 <Z>^— XSr-HMgV^EEKlStj^U £CD 

§§1 0 0 1, 1 0 0 2ttf^XX-^Hl&5„ 
[0 0 6 5] 

3g8Kga> £ -5 ftJ«*?ft§§;}o ck / * fc « O R &$E h7>yX^^Xl-^ 

rnmxm" izm^frmmoijytik&m^Tnm-e^zt)^ mmmn&mim'tzzz: 
\z£K> #eie $ n> n > a-* ^n^±3i wf $ tit* < & •=> tz&<D & s mmnm. 



(30) 2003-504997 

[0 0 6 6 ] 

[0 0 6 7] 

mm Bit £&fg 6 cD^^s^stt, ^g&m^n > a- ^ $ n& t # £ 
, mm mmmfr <s> u % mm Mm^&> xs/ £ it a o r mm b ? > v x ^ & x x 

[0 0 6 8] 

mis^mm&3\z&zztz^w;BAz&& t^iz. %n&mmMM&frt>uz>mwM 

%\z\z&&€z>£^iz, mwmffi.m&y'jx^-y'Mz-r&o mmmmmmv^ 
v-®mft(Dmmfr<b?^ ^ytfrnrnzmzmft. z\<Dmm^mW]^\mz^K>iE 
v<mmznz>\z\n&m€z>hg. wiM^r^xi-^Hit'tSo mm 
\z, ^mmmmmk-eiz. mmmmm<Dmm^T^mm-r^(Dizmm^n^mm- 



(31) ^2 0 0 3-5 0 499 7 

[0 0 6 9] 

z.(D" ^mTEwoi&fe^mmjjfe" (D^wumtvx, m5<D\E\'&tfmz-<bft 
z>o zw&mmmmm-eiz, mwMM&s o 5 1 5 o 6&ytxDt%iz. tnz 

z>o z\<D*m^x(D*^ nis? (Dnfe-hmm^zmti. mxkmz$z±\z-*>-?z> 
<D\z-tttfcm^ni±-vmw)znfjL<£iLK). z\(DVtMT»iziEL<W]ftVte^ 0 vrc 

[0 0 7 0] 

dc/dc3>a-^«it, ^(D^ti^\zn^-^^\z, mmm. 
mmfr h u z> mm mm%s$> x u/ £ tz n o r mm h ? > *j x ^ *<x ^ ^ x- -7)i> 

mmiz±g--rz> 0 

[0 0 7 1 ] 

mmizmv, 4mmmffim<D^\,mj£frz®\WMM^(D^z^m!£iz®x\z^. 

nyZ • & (duty ratio) (£tz\zm<DMW^m Zmm-f 

ztztbommziiis. ^nizxvititimjz^m&n^zzmzmn-tZo m 

7>f-FA'7^ • )V-7\Z 1 0 kHz^i|iI?:^-r^=I>A-^T«, *5 
0. 1ms ^fc^^tXi^icDBf^^igoT^^^-r^-^KCT^o 
[0 0 7 2] 



(32) f** 2003-504997 

tDjsmm&Zo fn^HPCTffiiwo9 8/33267 (1998^7/330 
stem) izmmizizm-ztiT^z. 

[0 0 7 3] 

M»iSS5t>[lt5S^l^$fflt5. MOSF 
ETr/HXfflt§t, «BE (MOSFET^fllTV^^W®) £fW 
HILT, L#^ffi<hb^Viffi^±O^^h©P B 1(D<ifCl^©*EE(r-e#-5 0 m% 
0)m^iZ\t, MOSFET©3 L *>*;i'ffitara«&Tifi5t^ '&m<Dm&l$. S/h 

[0 0 7 4] 

LfcdbT, y-h«J± (MOSFET^ilbT^SI^Wt©) £b#^I 
^bl/t^l£(±OW h fclfc* K_h#£i±<5 Z. ilCck 0 , «JEMO S F E T 

[0 0 7 5] 

mi Ote, MOSFETC^r- 5 tC^* {;i±#$-fr£ l^J 

[0 0 7 6] 

Bi i o<d*— ;uh • *:7 0j&at#fi2|&G>££ (-r^t)-^, h7>yx^ioi 

{C±#f^>o (l-e T/t ) (D^Tab^o Ttt#ttS#^C 

1005XR1003 (£7c«> C1006XR1004) -?£3o y— hfcM 
©DC«EE^±#"TSi:^JC, »©|g«i#-tJ--r^;i.tp<Dy-h«JE<D^±# 
T3o #14B#5£gt<£-Hh£<BtS (gt^'JUO ZLttdJ:^ MOSFET0¥i^ 
^->^«EE«^^lc:^T-5o ^tltt-^CR 1 0 0 3 (SfcttR 1 0 0 4) 



(33) #12 0 0 3-5 049 9 7 

[0 0 7 7] 

mmmmm £ fc \t o r h ^ > >> x ^ >^mmi± & mwt z> tc #> <d 

[0 0 7 8] 
[0 0 7 9] 

^±0S§2O 1 2 H>A-^2 0 0 2, ^-7jgfi#2 0 0 3, h^>>?X 
^2 0 0 4, «0ft^2 0 0 5, &£7J^/V>^ 2 0 0 6) JttSgg 2 0 0 1 
^Vt-H 2 0 0 8^0RCIH?§2 0 0 7, 2 0 0 9 6&3[Hli&^& 
§o ^>^^teli?§2 0 12(1 S«JH[hJS§6 0 2 6 (Dggffirfl^ 2 0 10^ 
(OR«ih7>yX^) 6 0 1 ^>iZ-r^Z\t^VX^^>h 

#ilB#^^^^T±#bgc^, «/HI2 0 1 OCcfcO l4^Nfctt±#U 
§§2 0 0 1^0ftA^tbTffif$n§. ^(Dit^§§^>m^«h i ghfcttlcfc: 
0, UfcT^oT, Jt^§§c^iE©A^W«EE^^>y«ffi c kDfcSV^-&{^ iEWj 



(34) & ^ 2003-504997 
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Box I Observations wrwre certain claims were found unsearchable (Cominuatton ot item i or ttrsi snset) 


This iieercwjonai See/cb RepoA has nctfceen established in reaped of certain claims under Article 17(2)(a) lor the following reasons: 


1 I 1 CtamsNos.: 

beoau&ethey f»Ja»tDfiijqo«mator not wjuSr^j«ot>« saarchfld by th s Aulwty, r 


«m«iy: 


2. H Clamor 13,36,40 

' — 1 because they relet* to ports of the Internal ianoi Appbcolion trial do not comprywrfti the pfescnbedret^jirtimento to slc* 
an extern mat no ruearangwi international Search can oe camea oat. soeenceiy: 


see FURTHER INFORMATION Sheet PC7/ISA/2L0 




3. 1 1 Ctatntshlos.: 

— because they are dependent oatns and are not drafted in accordance with the eeec 


ind and third sentences ol Rule 64(a). 


Box II Observattona where unity ort Invention is tacking (Connnuauon of Item 2 or rtrst shoot) 


This totamauonai Searcrunp. Autnortry found imrftp e irveottcn» n tn* memtfonai appiicatic 


*v as follows: 


see addlttonai sheet 




t. 1 1 A* ail required odOrtcna aeantf fees wars timely paid by the applicant, tin Inton* 

•—J Bearcnawe aairns. 


aonai Search Report cover* afl 


2. n As at aeetcnaoie claims could oe searawawimout eiron |uso tying an aoduonat tee cms Aumority did not invee payment 
of any addttonat tee. 


3. [y 1 As onv Kxrte or the rec^od adoMonal search rees were ttr&r paw tne appiica 
LAJ covers on V those dams, tor which tees were paid, specitcaiiy ctaim Noss 


m. tno inomaaunal Search Repon 


1-8, 14-16. 18. 27. 37-39, 41, 49-60, 66, 69. 71, 


74 


4. ! 1 Wo reqiirBd arkfctlonai search toes were tmety pa«J by the apffltcant. Ccnsagooftrty 
— restricted to me inventor fire* mcnuonnd in tho darne; rt a covered by cioims Noa. 


. this iRtamatianal Search Report is 


Rnnfk on Protest |" | The addtional seaxch tees we 


e acccrnpanied by the eppUcanfs protest. 


|~X~| No protest accompanied the paymeni of additional eeareh toes. j 
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imwnar^i Application no. PCTiUS 00 A8743 



FURTHER INFORMATION CONTINUED FROM PCTOSA/ 21Q 



Continuation of Box 1.2 
Claims Nos.: 13,36,40 



Claim 13 Is referring to a a circuit involving a transformer wi th primary 
and secondary windings but claimed in such a manner, that it is not 
possible to draw up the circuit in an unambiguous way. This 
obscurity-situation is further caused by the lack of references (in the 
claim) to the figures, and no section of the detailed description that 
clearly corresponds to this claim and could provide problem/solution 
information and links to the figures. 

The detailed description contains passages that involves the same type of 
elements as included in claim 13. but it would be pure guesswork from the 
examiner to limit the content of the claln to one of these possible 
example-outlines and a violation of article 6 PCT. 

Claims 36 and 40 are considered obscure for the same reasons as claim 13. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relatma to inventions in respect of which no international 
search report has been established need not be the subject of an 
International preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority ts normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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international Appbcabon Mo. PCTXiS 00 A8748 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This Intemat tonal Searching Authority found multiple (groups of) 
inventions m this International application, as follows: 

I. Claims: 1-8, 56-59 

A DC -DC power converter with override control to the control 
circuit 1n order to effect a minimum current limit, 
where the override control effects a fold-back or 
fold-forward nlnlmuD current limit curve. 



2. Claim : 9 

A OC-OC power converter with override control to the control 
circuit in order to effect a nrinirnum current limit, 
where a signal Indicative of output current, being used for 
the override control, is measured at ORIrrg transistors 
coupled to the output of the power converter. 



3. Claims: 10, 11 

A DC-DC power converter with override control to the control 
circuit in order to effect a minimum current limit, 
where decision logic Is used to disable at least one 
controlled rectifier (connection switch). 



4. Claim : 12 

A DC-DC power converter with override control to the control 
circuit In order to effect a minimum current limit, 
where the minfnum current limit is a negative current. 



5. Claims: 14-36, 60-68 

AC-DC power converter with a control Jed rectifier, used In a 
power circuit and with a hold-off circuitry that Is 
activated in order to assure that the controlled rectifier 
is disabled. 



6. Claims: 37-51, 69-74 

AC-DC power converter with a controlled rectifier, 
with a decision logic that generates an enable/disable 
signal and circuit responsive to the enable/disable signal 
for soft-switching the controlled rectifier. 



7. Claims: 52-55, 75, 76 

A OC-DC power converter with a circuit for disabling the 
controlled rectifier when the waveform on the control 
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